Objective-To assess the prognostic value of minor myocardial damage in patients presenting with chest pain without myocardial infarction. Design-The relative risk of suffering a cardiac event in the next six months was assessed in patients with minor myocardial damage assessed by the cardiac markers CK-MB, myoglobin, and troponin T. Setting-Emergency department of a large university hospital. Patients-In 128 consecutive patients with chest pain, acute myocardial infarction (by WHO criteria) was ruled out; of these, 39 had a rise and fall of one or more markers, indicating minor myocardial damage. The presence of a documented history of coronary artery disease was assessed on admission. Results-24 patients had a subsequent event (cardiac death, acute myocardial infarction, percutaneous transluminal coronary angioplasty, coronary artery bypass grafting) in the next six months. An abnormal troponin T predicted a subsequent event while abnormal CK-MB or myoglobin did not. The relative risk for troponin T was 2-8 (95% confidence interval: 1-0 to 7.9), for myoglobin 1-0 (0.3 to 3.2), and for CK-MB 0 9 (0.2 to 3.4). A documented history of coronary artery disease predicted subsequent events with a relative risk of 3 9 (1.3 to 11-3).
The diagnosis of acute myocardial infarction in patients presented to the emergency room with typical chest pain is usually based on the history and on the electrocardiographic (ECG) findings. The detection of myocardial necrosis is then confirmed by the presence of raised serum concentrations of intracellular molecules released into the peripheral blood pool as a consequence of myocardial cell death. The marker most frequently used for this purpose is creatine kinase (CK-MB). A cut-off value for CK-MB is chosen (usually twice the upper limit of normal or on the basis of ROC curves). If the marker rises above this level at the appropriate timepoint with a subsequent fall the diagnosis of acute myocardial infarction is confirmed. Abnormal elevation of biochemical markers or enzymes is one of the three WHO criteria for the diagnosis of acute myocardial infarction.
After an episode of typical chest pain in some patients, however, there is a rise and fall in CK-MB that is above the upper limit of normal but below the predetermined cut-off value. This is usually not diagnosed as acute myocardial infarction but interpreted as indicating severe ischaemia, usually referred to as minor myocardial damage.
Recently, new assays for other markers of myocardial cell necrosis, such as myoglobin and troponin T, have been introduced. The value of these assays in the management of patients with acute myocardial infarction is under investigation.' Myoglobin is a very early marker of myocyte damage and may be useful in ruling out an acute myocardial infarction in the first hours after the onset of chest pain. 2 Troponin T may be an even more specific marker for cardiac myocyte damage,3-7 and some reports show that it is elevated in a substantial proportion of patients with unstable angina, where it suggests a poor prognosis compared to patients with normal values. 8 In patients in whom the CK-MB levels do not rise above the cut-off valueand in whom therefore an acute myocardial infarction can be ruled out-lesser rises in CK-MB reflect minor myocardial damage; in such patients small increases in myoglobin or troponin T may also indicate minor myocardial damage. The prognostic value of these markers, following frequent sampling in the first 24 hours after presentation in the emergency room, has not been studied.
Our aim in this study was to determine the incidence and prognostic significance of minimal elevation of these three markers of myocardial cell damage in patients presenting with chest pain in a hospital emergency room.
Methods

SUBJECTS
Patients with chest pain possibly caused by myocardial infarction and presenting at the cardiac emergency room (a 24 h short stay facility) of the Academic Medical Centre within 12 h of the onset of symptoms were considered for the study. The diagnosis of acute myocardial infarction was based on the patient's history and symptoms, abnormalities on a 12-lead electrocardiogram, and a typical rise and fall in the serum CK-MB mass curve with a peak exceeding 15 ng/ml (twice the upper limit of normal). When the diagnosis of acute myocardial infarction was excluded after a period of 24 h they were e!igible to participate in the follow up. Exclusion criteria were skeletal muscle damage or trauma, cardiac resuscitation, and inability or refusal to give informed consent. Patients presenting with ST segment elevations on the admission ECG who were treated with thrombolytics and who had no CK-MB elevation ("aborted infarction") were also excluded from the study. A history of coronary artery disease was considered to be present if documented by coronary angiography, a previous myocardial infarction, or a previous positive exercise test.
STUDY PROTOCOL
The study protocol was approved by the ethics committee at our institution. The attending physician noted the time of onset of symptoms (to). Blood samples were drawn for measurement of CK-MB, myoglobin, and troponin T at 3, 4, 5, 6, 7, 8, 12, 16, 20 , and 24 h after to.
Only the results of the CK-MB assay at routine time points of 6, 12, 18 and 24 h after to were reported to the attending physician. The results of the other markers under study or at other time points were not known to the physician and all decisions regarding care of the patients were made independently of these measurements.
Patients who were not immediately transferred to the coronary care unit (CCU) because of acute myocardial infarction or severe unstable angina were admitted to the cardiac emergency room waiting for enzyme results and adjustment of medication where appropriate and discharged after 24 h (accelerated angina, Braunwald classification IB).9 When recurrent symptoms of ischaemia developed or enzyme results indicated myocardial infarction, patients were transferred to the CCU at that point (angina at rest, Braunwald classification IIIB). Patients with severe unstable angina received treatment with aspirin, heparin, and various combinations of ,B blockers, nitrates, and calcium antagonists. Patients were stabilised and considered for revascularisation only when conservative management failed to control ischaemic episodes. Patients who were discharged after 24 h were also considered for revascularisation during follow up only when medical treatment failed to control their symptoms.
ASSAYS
Blood was collected in 10 ml heparin coated tubes and centrifuged without delay. Cells were discarded and the plasma was stored at -20'C until further analysis.
CK-MB mass assay was performed using the immunochemical method as implemented on the ACS-180 analyser (CIBA Coming), the upper limit of normal being 7-5 ng/ml; there was linearity from 0 to 500 ng/ml.
Myoglobin was measured with a nephelometric assay using the NaLatex myoglobin reagent (Behringwerke) on the Behring Nephelometer 100; range 5-400 ng/ml; upper limit of normal 90 ng/ml.
Troponin T was measured using an ELISA method (Boehringer Mannheim, Germany, product No 1289055) on an ES300 analyser (Boehringer Mannheim); upper limit of normal 0n 1 ng/ml; the linearity range of this determination is 0-15 ng/ml.
MINOR MYOCARDIAL DAMAGE
We considered that CK-MB indicated minor myocardial damage if there was a typical rise and fall with a peak above the upper limit of normal (7 5 ng/ml) but less than or equal to twice the upper limit of normal; and that myoglobin indicated minor myocardial damage if the 24 h curve showed a typical rise and fall, with the highest value at least twice the lowest value. Peak myoglobin typically occurred 3 or 4 h earlier then peak CK-MB and occasionally rose above 90 ng/ml.
Troponin T has slow appearance and clearance characteristics and hence a rise and fall cannot be expected within a time window of 24 h; we therefore considered it to be abnormally elevated if there was a gradual rise exceeding a level of 0-1 ng/ml. FOLLOW UP All patients were followed up to six months or until an event occurred. We used case note review or telephone interviews to contact the patients, their cardiologist, general practioner, or relatives.
Events were defined as acute myocardial infarction documented by ECG changes and CK-MB elevation, cardiac death, or the need for coronary angioplasty (PTCA) or bypass grafting (CABG) because of the failure of medical treatment to control ischaemic episodes.
STATISTICAL ANALYSIS
The relative risk of suffering a subsequent cardiac event (cardiac death, acute myocardial infarction, CABG, or PTCA) for the 128 patients was calculated with Cox proportional hazards model with CK-MB, myoglobin, troponinT, and a documented history of coronary artery disease as covariates (BMDP Statistical Software). Kaplan-Meier actuarial survival plots were constructed.
Results
During a 16 month period, 309 patients were screened for the study and serum samples were obtained. The diagnosis of acute myocardial infarction was ruled out in 133 patients. For two patients cardiac surgery was already scheduled at the time of presentation and they were also excluded. Therefore 131 patients were eligible for follow up.
Three patients were lost to follow up. Therefore 128 patients formed the study group (98%) and follow up was completed for all patients after six months. The baseline characteristics of the study population are given in table 1. We obtained CK-MB results indicating minor myocardial damage in 13 patients, myoglobin results in 20, and troponin T results in 24. In some patients more than one marker was raised so there were 39 out of 128 patients (30%) with one or more markers suggestive of minor myocardial damage. None of the baseline characteristics was different between the group with all markers normal and the group with one or more markers abnormal. Fifty four patients were classified as having severe unsta- ble angina (IIIB) and admitted to the CCU and stabilised. Fifty nine patients were classified as having accelerated angina (IB) and after adjustment of medication these patients were discharged after 24 h. Thirteen patients were eventually classified as having atypical chest pain. Figure 1 shows a typical pattern of marker release in the first 24 h after the onset of symptoms. The markers are expressed as multiples of the upper limit of normal. The CK-MB rises to a peak of 11 5 ng/ml at t8 and this patient is therefore classified as not having acute myocardial infarction. The pattern of the markers, however, strongly suggest that some release of markers from the myocardium has taken place and this is therefore termed minor myocardial damage. This patient did not suffer an event during the follow up period. Table 2 shows the 24 patients who experienced an event during the follow up period of six months. There were two deaths, one cardiac death after 167 days, and one non-cardiac death after 18 days. Two patients suffered a myocardial infarct, one after four days (patient 5, who had all three markers abnormal) and one after 41 days (patient 7, who had no abnormal markers). Three patients underwent CABG after 11, 19, and 133 days respectively. Eighteen angioplasty procedures were performed, of which 13 were within the first week of hospital admission. Table 3 shows the incidence of cardiac events and the multivariate analysis of relative risk of an event for the three markers and for the presence of coronary artery disease. Abnormal troponin T has a relative risk of 2-8 and was the only marker that was a significant independent predictor for future events in this analysis. Abnormal myoglobin has a relative risk of 1I0. Note that a documented history of coronary artery disease has a relative risk of suffering an event of 3 9 . Figure 2 shows the Kaplan-Meier survival curves, giving the difference in event-free survival for the patients with minor myocardial damage, as indicated by the three marker, versus the patients without myocardial damage. A documented history of coronary artery disease was also shown to be a significant clinical predictor for future events in this analysis. One patient was removed from the analysis after 18 days when she died after a traumatic hip frac- minor marker elevation and poor prognosis.10 Figure 3 shows the cumulative proportion Figure 1 shows a typical marker release patf troponin T samples that were above tern: a CK-MB curve with a rise and fall but 1 ng/ml for each time point after the onset of with a peak not exceeding 15 ng/ml. The peak amptoms in the group of 24 patients with value occurs between eight and 16 hours after bnormal troponin T results. This proportion the onset of chest pain. Myoglobin shows an -ached 100% 16 h after the onset of symp-initial value of 82 ng/ml and quickly declines.
)ms.
The time window in which the marker is raised starts very early after the onset of symptoms and is much narrower than for CK-MB.
liscussion
Troponin T has slower release and elimination i the emergency room where patients with kinetics and remains raised for a longer period hest pain are triaged for admission to the of time. This may explain why in unstable ,CU, sensitive markers for cardiac damage angina with several episodes of ischaemia and re of great importance. Minor elevation of an uncertain time of onset of symptoms tro-K-MB without concomittant elevation of ponin T is raised more often than CK-MB, depending on the timing and frequency of 100 sampling. , and a biochemical one (typical rise and fall with the peak value exceeding a certain reference value). In the presence of acute thrombotic occlusion of a large epicardial coronary artery, these criteria will be met unequivocally. However, in the event of occlusion of smaller coronary branches, extensive collateral circulation to the ischaemic area, or prolonged ischaemia due to other causes (arrhythmias, shock, blood pressure changes in patients with left ventricular hypertrophy), the classical clinical or electrocardiographic findings may not be present and much more depends on the strictness of the definition of abnormal elevation of the biochemical markers. The definition of "abnormal" is then a trade-off between sensitivity and specificity on the one hand and the clinical relevance of the resulting classification on the other. Studying prognosis highlights the clinical relevance of minor myocardial damage in the setting of the emergency room. With this approach we showed that where the diagnosis of acute myocardial infarction was excluded on the basis of CK-MB measurements, minor myocardial damage can be detected with frequent measurement of CK-MB, myoglobin, and troponin T in a substantial proportion of patients. We considered minor myocardial damage to be present on the basis of 10 blood samples taken at frequent intervals in the first 24 hours after the onset of symptoms. However, we could not show that the identification of minor myocardial damage by the CK-MB or myoglobin results provided useful prognostic information in this patient group. Figure 3 gives the cumulative proportion of troponin T samples above 0 1 ng/ml in the group of 24 patients with abnormal troponin T values. It shows that in this group of patients it took 16 hours before all 24 patients had values above 0 1 ng/ml. This suggests that admission samples (usually taken two to six hours after the onset of symptoms) will probably underestimate the proportion of troponin T positive patients.
The attending physician was blinded to the troponin T and myoglobin results, but of course was aware of the patient's history of coronary artery disease. The patient's documented history is usually readily available on admission. Most "events" were revascularisation procedures, and the physician who decided to perform the revascularisation was aware of the patient's history of coronary artery disease. This may have caused a bias towards more events in this group. However, patients were treated according to a conservative management strategy and were considered for revascularisation only if this failed to control their symptoms. Therefore comparison of the relative risk of a history of coronary artery disease and minor myocardial damage as indicated by the three markers seems justified. In the multivariate analysis, abnormal troponin T bore a relative risk of 2-8, independent of the other variables. The troponin T results provide important prognostic information over and above that provided by a documented history of coronary artery disease. Whether a different approach towards patients with unstable angina with elevated troponin T improves prognosis remains to be determined.
We conclude that frequent sampling of CK-MB, troponin T and myoglobin identifies minor myocardial damage in a substantial number of patients in whom an acute myocardial infarct has been ruled out. A history of coronary artery disease is the best predictor of future cardiac events in these patients. Of the three markers tested in this study only an abnormal troponin T can be identified as an independent additional risk factor.
